Background. al,3-galactosyltransferase (al,3GT) is an enzyme that produces carbohydrate chains termed aGal epitopes found in most mammals, although some species of higher primates, including human, are notable exceptions. The evolutionary origin of the lost al,3GT enzyme activity is not yet known, although it has been suggested that the promoter activity of this gene in the ancestors of higher primates was inactivated.
Methods. We used 5'-or 3 '-RACE, GenomeWalking, reverse transcriptase polymerase chain reaction (RTpeR) and dual Luciferase reporter assay for identification of the full-length cDNA, which includes the transcription initiation site and the promoter region of porcine al,3GT gene.
Results. The region around exon 1 is guanine and cytosine (GC)-rich (about 70%), comprising a CpG island spanning more than 1.5 kbp. The 5' -flanking region of exon 1 contains multiple transcription factor consensus motifs, including GC-box, SPl, AP2, and GATA-box sites, in the absence of TATA or CAAT-box sequences. The entire gene consists of three 5' noncoding and six coding region exons spanning more than 52 kbp. Detailed analysis of al,3GT transcripts revealed two major alternative splicing patterns in the 5' -untranslated region (5' -UTR) and evidence for minor splicing activity that occurs in a tissue-specific manner. Interspecies comparison of 5' -UTR shows minimal homology between porcine and murine sequences except for exon 2, which suggests that the regulatory regions differ among species.
Conclusions. These observations have important implications for experiments involving genetic manipulation of the al,3GT gene in transgenic animals in terms of promoter utilization, and particularly in genetically engineering cells for the animal cloning technology by nuclear transfer.
al,3-galactosyltransferase (al,3GT) is a member of the family of Golgi membrane-bound enzymes known as glycosyltransferases. In general, these enzymes catalyze the transfer of a monosaccharide sugar residue (i.e., galactose) from a particular covalent sugar-nucleotide complex (i.e., uridine diphosphate-galactose, UDP-Gal) to an acceptor molecule, either a glycoprotein or a glycolipid. al,3GT specifically catalyzes the following reaction:
UDP-Gal + Gal-J3l,4-GlcNAc-R ~ Gal-a1,3-Gal-J31,4-GlcNac-R + UDP (1) where Gal-J31,4-GlcNAc-R is galactose in 131,4 glycosidic linkage with N-acetylglucosamine attached to either a glycoprotein or glycolipid (R). Importantly, the addition of a galactose residue in a1,3 glycosidic linkage to the Gal-131,4-GlcNAc-R substrate creates what is known immunologically as an aGal epitope.
Patterns of aGal epitope expression on the surfaces of cells from different species correlates with the genetic expression ofa functional al,3GT enzyme. Evolutionarily, aGal epitopes seem to have first appeared in mammals (notably absent from reptiles, amphibians, birds and fish) but eventually disappeared in higher primate species (Catarrhines), including apes, Old World monkeys and humans (1, 2) . A major consequence of a1,3GT functional disruption is the loss of immunological tolerance to aGal epitopes. Normal human and higher primate subjects have significant titers of preformed anti-aGal immunoglobulins in serum (3) , such that cells or tissues derived from aGal-positive mammals are hyperacutely rejected when they are introduced into aGal-negative species (4) .
Efforts to explain the absent expression of al,3GT in hu-1275 TRANSPLANTATION Vol. 70, No.9 mans and other higher primates have identified two homologous gene sequences on human chromosomes 9 (GGTA1) and 12 (GGTA1P) (5), the latter of which is a processed pseudogene that cannot function due to multiple coding region mutations. Transcripts from the chromosome 9 homologue, GGTA1, have not been identified from normal human tissues, implying alteration of sequence control elements vital to the appropriate regulation of al,3GT gene transcription. It has been suggested, however, that transcriptional activation of al,3GT may occur within human cells during certain disease states, including neoplastic and autoimmune processes (6, 7) . Cell surface expression of aGal epitopes in this manner generally enhances the immunogenicity of the expressing tissue. The normal lack of immune tolerance to aGal epitopes in humans precludes the use of non-human donors as sources of organs and tissues for transplantation into human subjects (xenotransplantation) because of the hyperacute rejection phenomenon. However, available molecular biological tools have made it possible to genetically manipulate organisms to modulate the expression of genes that unfavorably influence the outcome of xenotransplantation experiments. As a further step toward developing a strategy to circumvent the hyperacute rejection that targets aGal epitopes, we have set out to fully characterize the transcriptional regulation of the porcine al,3GT gene responsible for the creation of aGal epitopes on porcine tissues. Deciphering the regulation of this gene in relevant porcine tissues and identifying the genomic sequences responsible for its expression are expected to enhance our ability to modify the immune response to aGal in model systems.
This report includes an extensive analysis of porcine al,3GT transcripts from multiple porcine tissues, as well as a comparison with similar data for transcripts found in other species. Although other investigators have obtained al,3GT cDNA clones from murine (8, 9) , bovine (10) , and porcine (11) (12) (13) (14) tissues, none of these clones represents the fulllength al,3GT gene transcript, including the transcription initiation site, nor do they point to the genomic sequences likely responsible for transcript expression from this genetic locus.
Using a combination of RT-PCR experiments, 5' -RACE, GenomeWalking, and long PCR, we have defined the exonintron boundaries and suggestive tissue-specific expression patterns for alternative transcripts of porcine al,3GT and have identified the likely transcription initiation site and regulatory elements controlling expression of this gene from porcine genomic DNA.
MATERIALS AND METHODS

Cells and tissues.
Porcine fetal tissues, including aorta, brain, and liver, were obtained from a local slaughterhouse. Samples to be used later for isolation of DNA or RNA were flash frozen in liquid nitrogen, whereas aortic tissue was treated with collagenase in phosphate-buffered saline and pig aortic endothelial cells (PAEC) were isolated. PAEC were maintained in Dulbecco's modified Eagle medium (DMEM, Gibco, Grand Island, NY), 10,000 U of heparin sodium (Elkinns-Sinn, Inc., Cherry Hill, NJ), 15 mg endothelium growth supplement (Collaborative Biomedical Products, Inc., Bedford, MA), L-glutamine, and penicillin-streptomycin. Culture flasks were kept loosely capped in a 37°C incubator with an atmosphere of 5% CO2 , Isolation of nucleic acids. To isolate porcine genomic DNA, PAEC were grown to confluence in tissue culture flasks, trypsinized briefly at 37°C, and pelleted by centrifugation. High molecular weight porcine DNA was recovered using a standard protocol involving phenolchloroform extraction, overnight incubation with RNase A, isopropanol precipitation, and spooling of precipitated DNA.
Total RNA was extracted from fetal tissue'samples and cultured PAEC using Trizol reagent (Gibco) according to the manufacturer's instructions. For experiments in which polyadenylated (poly A +) RNA was used, poly A + RNA was separated from total RNA using the Dynabeads mRNA Purification Kit (Dynal, Oslo, Norway) in accord with the protocol provided. Total yield of poly A + RNA ranged from 1-5% of total RNA.
Genome walking and long PCR amplification of genomic DNA. A porcine GenomeWalker library was constructed using the Universal GenomeWalker Library Kit (Clontech, Palo Alto, CAl. Briefly, five aliquots of porcine genomic DNA were separately digested with a single blunt-cutting restriction endonuclease (DraI, EcoRV, PvuII, Seal, or Stu!). After phenol-chloroform extraction, ethanol precipitation and resuspension of the restricted fragments, a portion of each digested aliquot was used in separate ligation reactions with the GenomeWalker adapters provided with the kit. This process created five "libraries" for use in the PCR-based cloning strategy of GenomeWalking. A primary PCR amplification of each library using a genespecific primer (GSPI) and an adapter sequence-specific primer (API) was followed by a secondary reaction in which a nested genespecific primer (GSP2) and a nested adapter primer (AP2) were used to amplify the diluted primary PCR reaction product. Either eLONGase or TaKaRa LA Taq (Takara Shuzo Co., Ltd., Shiga, Japan) enzyme was used for PCR in all GenomeWalker experiments as well as for direct long PCR of genomic DNA. The thermal cycling conditions recommended by the manufacturer were employed in all GW-PCR experiments on a Perkin Elmer Gene Amp System 9600 or 9700 thermocycler.
5' -or 3' -RACE analyses. To identify the 5' and 3' ends of a1,3GT gene transcripts, 5'-and 3'-RACE procedures were performed using the Marathon cDNA Amplification Kit (Clontech) with PAEC poly A + RNA as template. First strand cDNA synthesis from 1 J.Lg of poly A + RNA was accomplished using 20 U of AMV-RT and 1 pmol ofthe supplied cDNA Synthesis Primer by incubating at 48°C for 2 hr. Second strand cDNA synthesis involved incubating the entire first strand reaction with a supplied enzyme cocktail composed of RNase H, Escherichia coli DNA polymerase I, and E. coli DNA ligase at 16°C for 1.5 hr. After blunting of the double-stranded cDNA ends by T4 DNA polymerase, the supplied Marathon cDNA Adapters were ligated to an aliquot of purified, double-stranded cDNA. Dilution of the adapter-ligated product in 10 mM tricine-KOHlO.1 mM EDTA buffer provided with the kit readied the cDNA for PCR amplification. To obtain the 5'-and 3'-most sequences of a1,3GT transcripts, PCR reactions using the Marathon cDNA Adapter and Nested Adapter primers (mAPl and mAP2) were paired with gene-specific and nested gene-specific primers (mGSPl and mGSP2) designed from the coding region. To facilitate amplification through the GC-rich portions of the 5' -untranslated sequences, the GC buffer supplied with the LA Taq enzyme was included in the PCR mix. 5'-and 3'-RACE products were subcloned and sequenced as described below.
RT-PCR. First strand cDNA template for RT-PCR from PAEC or tissue total RNA was generated with the SuperScript Preamplification System (Gibco) according to the manufacturer's protocol. Briefly, 5 J.Lg oftotal RNA were reverse transcribed using SuperScript II and the oligo(dT) primers provided, followed by digestion of the RT reaction with RNase H. Amplification of 1-2 J.LL of this first strand cDNA reaction allowed for analysis of al,3GT transcript splicing patterns using primers specific for exons 1,2,4 and 9 of the a1,3GT gene.
Subcloning and sequencing of amplified products. PCR products amplified from genomic DNA, Gene Walker-PCR (Clontech), RT-PCR, and 5' -or 3' -RACE were gel-purified using the Qiagen Gel Extraction Kit (Qiagen, Valencia, CAl, if necessary, then subcloned into the pCR II vector provided with the Original TA Cloning Kit (Invitrogen, Carlsbad, CAl. Plasmid DNA minipreps of pCR II-li-gated inserts were prepared with the QIAprep Spin Miniprep Kit (Qiagen) as directed. Automated fluorescent sequencing of cloned inserts was performed using an ABI 377 Automated DNA Sequence Analyzer (Applied Biosystems, Inc., Foster City, CAl with either the dRhodamine or BigDye Terminator Cycle Sequencing Kits (Applied Biosystems) primed with T7 and SP6 promoter primers or primers designed from internal insert sequences.
Primer synthesis. All oligonucleotides used as primers in the various PCR-based methods were synthesized on an ABI 394 DNA Synthesizer (Applied Biosystems, Inc., Foster City, CAl using solid phase synthesis and phosphoramidite nucleoside chemistry, unless otherwise stated.
Transcription factor binding site analysis of 5' -flanking sequences. To assess the 5' flanking region of the porcine ul,3GT gene for potential regulatory sequences, genomic DNA sequences spanning this region were analyzed using the MatInspector v2.2 software program available online (http://genomatix.gsf.de). A core similarity of '20.900 on the MatInspector report was considered to be significant for matches of query sequences with known transcription factor recognition sequences. The positions of significant sequence matches within the 5' flanking region of u1,3GT are indicated in Figure 3 .
Promoter activity assay. To assess the 5'-flanking region of the porcine u1,3GT gene for specific promoter activity, a luciferase reporter gene construct was assembled from the cloned porcine 5' flanking region of genomic DNA and the promoterless pGL3 Basic vector containing the firefly (FF) luciferase eDNA downstream of a multiple cloning site (MCS). Briefly, a fragment of 1910 bp upstream of a BssHII restriction site in the ul,3GT exon 1 was cloned into the MCS immediately upstream of the luciferase gene coding region to generate a construct termed pGL3-ZX. This insert is comprised of 1550 bp of the upstream sequence along with 360 bp of exon l. Transient transfection of pGL3-ZX into PAEC using Lipofectamine reagent (Gibco) followed by lysis of the transfected cells allowed for an assessment of FF luciferase gene expression driven by the insert DNA sequence. For each assay, 2x 10 5 PAEC/well of a six-well plate were set up in triplicate for each transfected vector. Strength of pGL3-ZX promoter activity was measured by comparison to basal luciferase expression from the promoterless pGL3-Basic vector transfected in the same assay. To monitor transfection efficiency, a coreporter vector encoding Renilla luciferase driven by the herpes simplex virus thymidine kinase promoter (pRL-TK) was included at a ratio of 1:10 of coreporter plasmid to experimental promoter construct (or pGL3 Basic) in the transfection mixture. Lysis of cells was achieved by addition of Passive Lysis Buffer (Promega, Madison, WI) to each well followed by scraping of the attached PAEC with a cell scraper. The lysates were then subjected to two freeze-thaw cycles and stored at -70°C untilluciferase activity was measured.
Measurements of FF and Renilla luciferase activity of each lysate was measured sequentially in a Monolight 2010 luminometer using reagents from the Dual-Luciferase Reporter Assay System (Promega) according to the protocol. To compare inter-construct FF luciferase activity values, the raw data relative light unit (RLU) readings were corrected by normalizing each sample according to transfection efficiency. The highest measured Renilla luciferase RLU measurement was used to normalize all values in a given experiment according to the following formula: (highest R-RLU/sample R-RLU) x sample FF RLU = normalized FF luciferase activity. The normalized triplicate values for each construct were then averaged to arrive at a relative measure ofluciferase activity. Comparison of these average values to the average FF luciferase activity for the pGL3-Basic vector resulted in a fold-increase measure of promoter activity over the promoterless control vector.
RESULTS
Genomic Organization of Porcine a 1,3GT
Working from the published sequences of al,3GT cDNA clones and sequence obtained from our own 5'-RACE analysis (see below), we were able to determine the complete genomic organization for the gene. First, to delineate the 5' UTR exon-intron boundaries, estimations of exon size were made based on comparison of porcine cDNA sequences to those of murine al,3GT (9) . Gene-specific primers (GSPs) for use in GenomeWalker PCR (GW-PCR) experiments were designed based on these estimations. The sequences of crucial primers used in all analyses appear in Table 1 , along with information regarding the location of each primer's target sequence and the type of experiment(s) in which each was used. Automated fluorescent sequencing of GW-PCR clones extending from exon sequences into the upstream or downstream intron verified the exact positions of exon-intron boundaries. All three of the 5' UTR exons followed the AG-GT rule for splice acceptor-donor participation with one another, as well as for the splicing of either exon 1 or 2 to coding region exon 4, which contains the translation start codon. Exon 3 has not been observed in any tissue examined. Exon-intron boundaries for the coding region exons were also confirmed by long PCR or GW-PCR, and also found to adhere to the AG-GT rule. In our investigations, exon 5 has not been observed in PAEC. The sequences of all exon-intron bound- 
aries have been deposited in the GenBank database under the accession numbers indicated in Table 2 .
After the identification of exon-intron boundaries using GW-PCR, additional GenomeWalker experiments were used to obtain contiguous intron sequence between adjacent exons at the a1,3GT locus. Internal sequence from these bridging long PCR clones was then used to design primers for confirmation of the genomic alignment by amplifying back to the exons from which GenomeWalker experiments originated. The entire set of PCR-derived genomic subclones allowed for the construction of a sequence contig spanning the 5' UTR exons of the a1,3GT gene, as illustrated in Figure 1 . Also depicted are long PCR-amplified clones spanning the downstream coding region exons, allowing for the determination of all intervening intron lengths. Only intron 1 has not been completely spanned due to GW-PCR difficulties posed by the presence of short interspersed element (SINE) repeats in this region. Nevertheless, we estimate the genomic interval between exons 1 and 2A to be on the order of > 10 kb based on sequenced data.
Variable Exon Usage in the 5' UTR
Identification of "major" and "minor" splice patterns. Disparity among a1,3GT cDNA clone sequences published by other investigators has created some confusion regarding the true length and sequence of the 5' UTR. To help clarify the situation, we conducted 5'-RACE and RT-PCR experiments using RNA isolated from either cultured P AEC or fetal brain and liver tissue. Our 5'-RACE results are summarized and compared with previously reported cDNA clones in Figure 2 . As indicated, four basic UTR exon splice patterns have been detected. Patterns A and B are regarded as "major" UTR splice variants, while patterns C and D are designated "minor," because the former patterns are observed in every tissue examined although the latter two mayor may not appear depending on the tissue examined. RT-PCR analysis of RNA from P AEC identified patterns A and B but not pattern C or D, although RNA from fetal brain or liver tissue exhibited the C and D splice patterns as well as the major patterns A and
B.
Difference between patterns C and D. Splice patterns C and D are observed in cDNA clones from fetal brain or liver when RT-PCR is performed using a sense primer specific for exon 2A and an antisense primer based on the sequence of exon 4. Based on the number of clones isolated, pattern C appears to predominate over pattern D when both are present (in fetal liver and brain). This observation indicates that the region between exon 2A and exon 2 may be retained in some tissues and that the particular region that Katayama et al. postulated to be a potential transcription initiation site (TIS) locates within this retained intron (see Fig. 2 , pattern D). As these authors derived their data from a 5'-RACE experiment that was not specifically tailored to the GC richness of this region, it is possible that the 5' end of their clones represents a truncated RT extension product and does not truly represent a TIS for a1,3GT expression (14).
Katayama's clone D. As for the nucleotide base composition of our RACE, GW-PCR, and RT-PCR products, there is general agreement with previously published data, save one important exception. Comparison of the sequence of exon 1 derived from our clones with Katayama's clone D (termed clone KD) demonstrates a perfect match of the 23 bases at the 3' end ofthe exon. However, there exists a great discrepancy between our exon 1 sequence and the clone KD which has 135 additional bp at the 5'-end (dashed box in Fig. 2) . Because it was possible that this region may represent an additional UTR exon of the a1,3GT gene, we performed RT-PCR using the sense primer 5'-AGCCAGCTGGACAAGCTGACGGT-CACCT-3 ' based on the 135-bp region and an antisense primer (4U1 or 4U2) with cDNA derived from PAEC as well as porcine fetal brain or liver tissue. However, repeated reactions failed to generate any visible bands, indicating that there existed no conclusive evidence to suggest this possibility. Prompted by the disagreement between clone KD and our exon 1 sequence, we designed a second sense primer 5'-TGCAGCTGGAGAGCTGCGGATGAAGCTT-3' based on the 135-bp sequence downstream of the first primer and used the two primers in GW-PCR experiments with our porcine GenomeWalker libraries. Single major bands were obtained from two of the libraries. These products were cloned and subject to sequence analysis. GenBank BLAST searches with these sequences revealed striking homology to exons 2, 3, and 4 of the bovine invariant chain (Ii) gene, as well as the intervening intron sequences (see GenBank Accession numbers D83961 and D83962). Based on close inspection and comparison of the sequences from porcine and bovine DNA, we estimated the boundaries of porcine invariant chain gene exons 2, 3, and 4 and designed an antisense primer 5'-CAGGAGCAGGTGCATCACGTGGTCCTG-3' specific for our estimated porcine exon 4. Use of this primer in combination with the Ii gene sense primers in RT-PCR ofPAEC or porcine fetal brain or liver cDNA did produce bands corresponding to 
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. ' I * ' appropriately spliced porcine Ii gene transcripts involving our estimated exons 2, 3, and 4. Sequence analysis of these products confirmed their identity. Comparative analysis of the bovine and porcine Ii exon sequences revealed high homology: 87%. Further inspection ofthe junction between these 135 bases from the presumed porcine Ii gene and the 23 bp of a1,3GT gene sequence suggests the absence of appropriate RNA splicing signals for adherence to the AG-GT rule. Genomic sequence continuing from the 3' -end of the 135 bases in our GW-PCR clone reads CGCCCC, which is in obvious disagreement with the accepted splice donor consensus: GT (15) . We conclude from our results that the 135-bp region in question is actually derived from genomic sequences for porcine invariant chain and that the 5' end of clone KD is an artifact of cDNA synthesis or aberrant RNA splicing, bearing no relation to the normal splicing of porcine a1,3GT gene.
Importantly, our RT-PCR and RACE analyses of the al,3GT gene 5'-UTR help to clarify some previously confusing results regarding porcine al,3GT transcript processing, setting the stage for a complete understanding of this gene's transcriptional regulation
5'-Flanking Region and the Location of Transcription Initiation
Two potential sites for the initiation of porcine al,3GT transcription were suggested by our 5'-RACE data, corresponding to distances of 554 and 459 bp from the 3' end of exon 1. To analyze these results further, we designed three oligonucleotide primers (Xk, Xh, and Xg from Table 1 ) based on a GW-PCR clone extending beyond the sites indicated by our RACE results. Viability of these oligonucleotides as functional PCR primers for complex templates was confirmed from parallel PCR reactions in which each was paired with a downstream genomic sequence-based primer (1 U2 from Table 1). All three reactions produced strong bands of the expected size from porcine genomic DNA, the identities of which were confirmed by subcloning and sequencing of the PCR products (expected lengths: XklIU2=554 bp, Xgl lU2=492 bp, Xh/lU2=465 bp). To test for the presence of these oligonucleotide sequences in mRNA transcripts, a primer based on the sequence of exon 4 (primer 4Ul) was paired with either Xk, Xh, or Xg in parallel RT-PCR reactions using cDNA prepared from PAEC total RNA. As shown in Figure 3A , only Xh and Xg produced visible PCR products, the two visible bands in each lane corresponding to amplified transcripts of both major splice patterns A (Xg/4U2=718 bp, Xh/4U2=691 bp) and B (Xg/4U2=606 bp, Xh/4U2=579 bp). Subcloning and sequencing of the RT-PCR products confirmed these results. From these experiments, we conclude that an initiation site for al,3GT transcription is located in the region between the two primers Xk and Xh in the porcine genomic sequence, and that the nucleotide 554 bp upstream from the 3'-end of exon 1 derived from 5'-RACE is most likely the transcription initiation site.
Importantly, it has been identified that exon 1 is larger that previously estimated (>450 bp versus 120 bp) and that the region around exon 1 spanning about 1.5 kbp comprises so-called CpG island since this particular region is GC-rich (>70%), a characteristic commonly described for the regulatory regions of many "housekeeping genes" (see Fig. 1 ).
Promoter Activity
The sequence of the immediate 5' flanking region of the porcine al,3GT gene encompassed by our GW-PCR clone and the entirety of exon 1 are detailed in Figure 3B . The position of primers used to localize the transcription initiation site are indicated within this sequence, and the two transcript 5' ends mapped by 5'-RACE are indicated by the numbers (1) and (2) . Closer inspection and comparison of the sequence to the TRANSF AC database by the MatInspector v2.2 transcription factor binding site program reveals a richness of potential transcription factor consensus motifs. These include multiple SPI/GC-box (consensus: KGGGCGGRRY), AP2 (consensus: MKCCCSCNGGCG), and GATA-box (consensus: WGATAR) binding sites in the immediate vicinity of the 5' end of exon 1 and within the sequence of exon 1 itself.
As shown in Figure 4 , transfection of a luciferase reporter construct pGL3-ZX into PAEC produced an 81-fold increase in luciferase activity over the promoter-less pGL3-Basic vector. Based on this result, we conclude that the sequence of this region encompasses the porcine al,3GT gene promoter controlling transcription initiation from exon 1. Because of the richness of potential transcription factor binding motifs located within the boundaries of exon 1, we believe that alternative transcription initiation and/or multiple promoters in the region may account for variations in the 5' end of exon I-containing al,3GT transcripts. A detailed deletion mutation analysis intended to identify the crucial sequence elements controlling al,3GT gene is currently underway.
3' UTR and Polyadenylation Site
To identify the 3' end of al,3GT transcripts, we performed 3'-RACE and GW-PCR experiments using primers designed from exon 9 of the cDNA sequence (9A and 9B from Table 1 ). Analysis of 3'-RACE clones suggests that no other 3' UTR exons exist and that the length of the 3' UTR from the stop codon to the poly A site is 1892 bp. Thus, the overall length of exon 9 from its 5' end to the poly A site is 2586 bp, comprising greater than two-thirds the length of the longest potential and fully processed al,3GT mRNA transcript.
Comparison of al,3GT Gene 5' UTRs from Different Species
Comparison of porcine exon 2 with the 5' -UTR of bovine cDNA revealed that the region immediately upstream of the start codon, 112 bp in length, is highly homologous (83.7%, data not shown), although the homology between porcine and murine sequences was a more modest 71.7% (9) . Similarly, porcine exon 1 and the initial 248 bp of the bovine cDNA sequence seem to be closely related with a nucleotide homology of 80% (9) , whereas porcine exon 1 exhibits little or no homology to the sequence of murine exon 1. The sequence of porcine exon 2A appears to be unique, in that a corresponding homologous sequence has not been found in either murine or bovine cDNA sequences thus far isolated in our laboratory. In addition, a sequence homologous to murine exon 3 has not appeared in porcine pAEC or porcine fetal brain RT-PCR.
These interspecies comparison data suggest some degree of sequence conservation within the 5' UTR of distantly related mammalian species, as well as preservation species-specific exon sequences that are still important to the expression of al,3GT gene transcription.
DISCUSSION
Genomic organization of porcine a 1,3GT gene and evidence for tissue-specific regulation of a 1,3GT expression. In this study, we have mainly focused on the expression of al,3GT in PAEC for the following reasons: 1) endothelial cell expression of aGal epitopes provides the molecular target for antibody binding and formation of membranous immunocomplexes, 2) genetic information derived from a single cell type repertoire is helpful in analyzing splicing patterns on other tissues or organs which have a variety of cell types, 3) the genetic engineering of porcine tissue is a major focus of research in xenotransplantation. Our results indicate that al,3GT transcripts in PAEC are alternatively spliced to yield two major patterns in the 5'-UTR but do not exhibit the minor splicing patterns. Other tissues examined also show the two major splicing patterns in the 5'-UTR but mayor genes (ABO-T) (17) , and the a2,6-sialyltransferase gene (a2,6ST) (18) . An example of the latter is the al,2-fucosyltransferase (al,2FT) gene, which spans less than 3 kbp including its intron (19) (20) (21) . The multi-coding exon type of glycosyltransferase normally spans more than 40 kbp of genomic sequence, typified by the ABO-T genes that are comprised of 7 coding exons spanning more than 90 kbp. The al,3GT gene falls into the same general pattern, having three 5'-untranslated and six coding exons distributed over more than 52 kbp. Information regarding the regulatory regions of these genes is more limited. The regulatory region of the murine (31,4GT is reported to be GC-rich and without a TATA-box (16) . Comparison of the 5'-UTR regions between murine (31,4GT and the porcine al,3GT gene reveals that they are not homologous. Enzymatically, al,2FT, a2,6ST, or al,3GT gene share a commonality in that each utilizes the same precursor: N-acetyllactosamine, the final modification product of al,4GT. However, although the a2,6ST gene does contain a TATA-box in rat (20) as well as in human (21) , the al,2FT gene and al,3GT gene have the same features in terms of GC-richness and lack of a TATA-box in genomic DNA. The biological significance for these differences requires further investigation.
Interspecies comparison in the regulatory region. Interspecies comparisons among 5'-UTRs of porcine and murine al,3GT cDNA sequences indicates that only minimal homology exists between the transcripts, with the exception of exon 2. In depth studies of cross-species al,3GT promoter activity, including those of the murine, porcine, and bovine genes are planned. It is hoped that interspecies comparisons of al,3GT promoter activity will shed light on the possible mechanisms for inactivation of human al,3GT gene expression once the genomic region of the presumed human al,3GT homologue, GGTAI on chromosome 9, has been completely sequenced. To date we have successfully cloned the 5'-flanking region of murine exon I and, in pilot transfection studies, have detected some promoter activity for the murine sequence in a luciferase reporter assay (data not shown). Surprisingly the murine 5'-flanking sequence exhibits little homology to that of porcine al,3GT. Most notably the porcine sequence extending from the 5' flanking region through the entirety of exon I fulfills the criteria for a putative CpG island (22) . A similar sequence composition is not observed at the murine locus. This finding may have important implications for the study of al,3GT gene regulation because, in general, vertebrate genes with CpG islands in their promoter regions have a potential to show developmental or cell-stage specific regulation depending on their level of methylation. Taken together, these observations suggest that the regulation of al,3GT gene expression may differ between the two species even though the enzyme performs an identical function. This possibility will be of special concern to the field of xenotransplantation, as the extension of studies in the mouse will generally be undertaken with the hopes of extending experimental findings to human or other model animal systems. Based on the future realistic possibility of transplantation from pigs to humans, we believe that careful study of the porcine regulatory region of al,3GT will lead to more fruitful research avenues involving genetic manipulation of porcine cells or tissues to be used for xenotransplantation experiments or therapies.
